INTRODUCTION
The pea leafminer, Liriomyza huidobrensis (Blanchard), is a highly polyphagous pest that causes serious crop damage in various areas of the world (Spencer, 1973; Suss, 1991; Weintraub and Horowitz, 1995; He et al., 2002) . Host plants include Chenopodiaceae, Asteraceae, Cucurbitaceae, Leguminosae, Solanaceae and Apiaceae (Spencer, 1973) . Larvae feed on plant tissues and leave the plant to pupate. Plants can be significantly damaged not only by larval feeding but also by oviposition and feeding punctures of adult females (Spencer, 1973) .
In Japan, L. huidobrensis was first reported from Hokkaido Prefecture in 2001 (Iwasaki et al., 2004) . The occurrence of this species was then reported in other areas such as Aomori (Shindo et al., 2005) , Miyagi (Hayashi et al., 2005) and Yamaguchi (Takano et al., 2005) Prefectures. Vegetables, flowers and weed plants, including cucumber, Cucumis sativus L., China aster, Callistephus chinensis L. and livid amaranth, Amaranthus lividus L. var. as-ent at the species level (Scheffer and Lewis, 2001) ; however, fundamental biological information has not yet been elucidated. Takano et al. (2005) reported that CC specimens had many acrostichal setulae, longer female ovipositors and male aedeagal apodemes compared to SC. Also, the black parts of the anepisternum-the lateral sclerite of the thorax-were wider in CC; however, those traits partly overlapped between the two clades. Due to the lack of data on biological information and separable morphological traits, the status of the two clades is still ambiguous.
Proper identification of species and basic biological studies are important for effective pest control since some morphologically similar pests have different biological traits (e.g. insecticide tolerance) providing information for the control (Parrella and Keil, 1984) . In Liriomyza species, it is reported that L. sativae Blanchard harbors three distinct mitochondrial clades whose biological traits-such as host range or Wolbachia infections-seem to be different (Scheffer and Lewis, 2005) . Morgan et al. (2000) showed that L. trifolii (Burgess) contains genetically distinct populations in California. Reitz and Trumble (2002) suggested that those populations could be reproductively isolated cryptic species. In Liriomyza species, it seems to be important to obtain biological information, taking into account the presence of clades or cryptic species; however, we have little information on the biological differences between the two clades of L. huidobrensis.
The aim of this work was to obtain basic biological information, such as reproductive isolation and development time, about the two clades of L. huidobrensis to decide their taxonomic status, which could be useful information for effective pest control. To reveal reproductive isolation, we conducted mating experiments between the two clades. Nuclear ribosomal DNA of the parent flies and their progeny was analyzed to confirm the results of the mating. We recorded their development times from egg to pupa and egg to adult.
MATERIALS AND METHODS
Colony establishment. Two clades of L. huidobrensis were maintained on garden peas, Pisum sativum L., for several generations under 16L : 8D and 25Ϯ1°C conditions. Four peas were set in a rockwool pot (5 cm (W)ϫ5 cm (D)ϫ5 cm (H)) and placed in a plastic container for water supply. Three-to five-week-old pea seedlings were used for the flies. More than 50 adult flies were introduced into the cage (30 cm (W)ϫ28 cm (D)ϫ25 cm (H)) with enough rockwool pots containing more than 50 plants for several days. After sufficient feeding or oviposition punctures on plant leaves were observed, adult flies were removed from the cage to prevent excess puncture causing plant death.
SC was introduced from infested sugar beet, Beta vulgaris L. collected in October 2004 in the Iburi Subprefecture of Hokkaido Prefecture, komatsuna, Brassica rapa L. nothovar. and qinggeng-cai, Brassica rapa L. var. chinensis leaves collected in October 2005 in the same region. CC was introduced from infested lettuce, Lactuca sativa L. which was imported from California, USA, and intercepted at Narita International Airport in July 2005. CC had been reared with permission from the Ministry of Agriculture, Forestry and Fisheries, Japan. The clades of specimens obtained from the two areas were confirmed by the PCR-RFLP method before the experiment.
Mating experiments. Mating experiments were conducted under the same conditions and facilities as colony establishment. A group of four virgin female and four 1-3-day-old male flies was introduced into the plastic cage (30 cm (W)ϫ28 cm (D)ϫ25 cm (H)) for 24 h with four 3-5-week-old pea seedlings in a rockwool pot (5 cm (W)ϫ5 cm (D)ϫ5 cm (H)) within a plastic cup (10 cm diameter at the top, 4.5 cm high) as a water supply. After 24 h exposure, the plants were replaced and this was repeated each 5-6 days for each group. Each treatment has four replications (Table 1) . Each exposed plant cup was placed in an individual nylon net (40 cm (W)ϫ70 cm (D), 0.25 mm mesh size). The presence of larval mines were observed and pupae emerged from their mines were collected from inside the net and placed individually into glass vials (1 cm in diameter, 5 cm high) every day in order to record the development times from egg to pupa. The development periods from egg to adult and the sex of adult flies were recorded every day. When progenies were obtained from a combination of different clades, all progenies were introduced into the same cage with four pea seedlings until they died to check their fertility. The plants were prepared in the same manner as in the mating experiments described above. The presence of larval mines was observed every day.
DNA analyses. For DNA analysis, specimens from the laboratory colony of both clades and progenies obtained from combination of different clades were preserved in 99.5% ethanol and stored at Ϫ20°C until DNA extraction. DNA was extracted from six legs detached from each specimen. The legs were homogenized in a 1.5 ml microfuge tube containing 80 ml of phosphate-buffered saline. Subsequent DNA extraction followed the tissue protocol of the QIAamp DNA Mini Kit (QIAGEN K.K.). The extraction was stored at Ϫ20°C until used in polymerase chain reaction (PCR) as a DNA template. PCR primers, 5Ј-ACCGCCCGTCGC-TACTACCGAT-3Ј (Muraji, unpublished) and 5Ј-TGTTCATGTGTCCTGCAGTTCACA-3Ј (Muraji et al., 2004) were used to amplify the ITS1 and flanking regions of nuclear ribosomal DNA. PCRs were conducted with 3.0 ml of each DNA template, 10ϫPCR buffer, 2.5 mM MgCl 2 , 2 mM of each dNTP, 0.5 mM of each primer, and 5 units of Ampli-Taq Gold ® DNA Polymerase (Applied Biosystems) in a 40 ml total reaction volume. The conditions for PCR amplification using a Program temp control system PC818 (ASTEC Co., Ltd.) were as follows: an initial denaturing step at 95°C for 10 min; 35 cycles of 94°C for 45 s, 47°C for 45 s, 72°C for 1 min 30 s; and a final extension step of 72°C for 7 min. Amplified rDNA fragments were purified using the QIAquick PCR Clean-Up Kit (QIAGEN K.K.), and sequenced using an ABI 3130 Genetic Analyzer (Applied Biosystems) with the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems). Sequence data were aligned using the ClustalX program (Thompson et al., 1994) , and then compared with the rDNA sequence of L. huidobrensis including a partial sequence of the 18S ribosomal RNA gene, complete sequence of internal transcribed spacer 1, and partial sequence of the 5.8S ribosomal RNA gene (Accession AY323208). Amplified PCR products were digested by each of two restriction enzymes, DraI and AseI (Nippon Gene Co., Ltd.) in separate reactions. The resulting DNA was electrophoresed on a 2.0% (DraI) or 3.0% (AseI) Metaphore agarose gel (BioWhittaker Molecular Applications), and then visualized by staining with ethidium bromide.
RESULTS AND DISCUSSION
Feeding and/or oviposition punctures on pea leaves were found in all mating crosses. In the interclade mating cross, adult progenies were obtained only from that between CC females and SC males. No larval mines were observed from plants exposed to CC males and SC females. Mean numbers of pupal and adult progenies produced by each female after interclade copulation were an order of magnitude smaller than the numbers produced after intraclade copulation (Table 1) . Three male and five female progenies were obtained in two of the four replicates of the mating cross between CC females and SC males. Two mating experiments between F1 progenies were then conducted, and no larval mines of F2 progeny were observed in either replication.
The final alignment of 175 bp rDNA sequence data was obtained from twelve L. huidobrensis specimens (position 1-62ϭ"18S ribosomal RNA", 63-175ϭ"ITS1"). The 136 bp (position 39-175) sequences of the SC were completely identical to SC  SC  52  14  11  225  58  46  ------CC  CC  118  18  18  146  26  27  ------SC  CC  4 the sequences of L. huidobrensis (AY323208) except for two gaps. There were, however, some differences between the sequences of SC and CC. Some bands were shared between paternal clade (SC) and progeny from the combination of CC female and SC male in the digested patterns of ITS1 and the flanking regions of rDNA by DraI and AseI, respectively (Fig. 1) . The results of DNA analysis indicate that progeny obtained in the mating experiment were not reproduced parthenogenetically.
With the present data, it is not possible to determine what induced the difference in reproductive success between interclade and intraclade copulation. The number of eggs laid, hatchability or the mortality of larvae may cause a difference in reproductive success. Taking into account reproductive success, it seems that hybrid progeny hardly occur under natural conditions, even if two clades occur sympatrically. Furthermore, no F2 adult progeny was obtained from matings between F1 hybrid progenies. The results of mating experiments between two clades of L. huidobrensis indicate that they are actually different species.
CC progeny required more development times from egg to pupa and egg to adult at 25°C than SC and hybrid progeny (Scheffe's test, pϽ0.05) . In hybrid progeny, the development times from egg to pupa were not significantly different from those of SC progeny (Scheffe's test, pϾ0.05), but development times from egg to adult were longer than those of SC progeny (Scheffe's test, pϽ0.05) ( Table 2) .
So far, there has been some research on the development time of L. huidobrensis (Parrella and Bethke, 1984; He et al., 2000; Zhou et al., 2000; Lanzoni et al., 2002; Iwasaki et al., 2004) . Taking into account the distribution of SC He et al., 2002) , it is estimated that most data pertaining to the development times in the experiment mentioned above were revealed for SC, and the development times of SC seem to vary with the host plants. Information on CC is limited; however, it is assumed that SC can develop slightly faster than CC (Table 3 ). Our results also indicate that SC developed slightly faster at 25°C than CC. It can be recognized that not only molecular characters but also biological traits are different between the two clades.
Our data indicate that the two clades of L. huidobrensis should actually be different species, as indicated by their molecular characters in previous studies (Scheffer, 2000; Scheffer and Lewis, 2001) . 400 S. TAKANO et al. Further investigation of the basic biology of the two clades and hybrid progenies such as analysis of their mating behavior, number of eggs laid, hatchability or the mortality of larvae will provide more information on the taxonomic status of those two species. For effective control, it is important to obtain more biological information on the two species, such as host range and insecticide susceptibility and to identify them appropriately. Zhou et al. (2000) , h Parrella and Bethke (1984) .
